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(57) Abstract: 

PURPOSE: To provide a method of manufacturing a 
semiconductor device that has excellent electrical 
characteristics and has an improved hot carrier life, by 
optimizing the amount of hydrogen present in a gate 
oxide film to completely terminate dangling bonds 
present on the surface of the semiconductor substrate 
and to prevent the presence of excessive oxygen. 

CONSTITUTION: Heat treatment is performed after the 
formation of desired elements on a silicon substrate 1 
and before the formation of a silicon nitride film 21 as 
a protective film. The heat treatment is performed at a 
temperature between 350-450°C inclusive for a period 
between 10-130min inclusive. A mixed gas, composed of 
hydrogen and nitrogen, is used as an atmospheric gas 
with the hydrogen content between 5-20vol% inclusive. 




1 fa } 



COPYRIGHT: (C)1995,JPO 



(19)B#H4#W/r (J P) (12) & ffi Hfif fft £; (A) (lDMWMHMW* 

#W¥7- 74167 

(43)&HB ¥*£7*F(1995)3 m7B 



(51)IntCL a 




F I 




HO 1L 21/318 


B 7352 - 4M 






29/78 










7514-4M 


HO 1 L 


29/ 78 3 0 1 N 








3fci&fc f&fcJHro&l OL (•£ 9 H) 


(21)ffl®#^ 


ftP¥5- 163013 


(71) USA 


000001258 










(22)m®H 


^5^(1993)6^30 3 




^jR#Fm^*K^*BTa i tb i #28 














(72)5£W# 


mm mm 






















(72) 9tmm 










^H5^ffiKF ( 9#Br2TB2#3-^ Jl| 














(74)>TC3A 





(54) Btmozm mjm&wom&te 



(57) 

fiawtuT^U3>swuit2i«iB»r*atc:, 

t/\ 3 5 0t:£Lh. 4 5 Ot^TOiigl?. 1 0&£k 
±. 1 3 0»«TffliWffi»6ff5. 



0 



I 



CVJ 
CM 




(2) 

1 

mam 1 ] mm^mM^y) n ymm^^ts. 

2 omi%£rf<Dm<®T^tsM-£t>7,&mi<\ 3 5 or 
eu:> 4 5 ox:sxT<DMmT\ i o^a±. i 3 05m 

[fS^iSRB&t&BJ] 
[0 0 0 1] 

[0 0 0 2] 

m^Thjm<»>f- v onRfim&Tm < 13. <o , * n <&ja 

OS (Metal Oxide Semiconductor ) r-^v^^Ote 

[0 0 0 3] tCT, IT IEEE Trans. Electron Device 
s ED VOL. 27, No. 8, pl359~1376 (August 1980 ) ; 7 
-f • -f — • -f f — > h5>lf^5>3> Xl/^ho 

$1 359~1 376I (1 9 8 0^8^) I tr. V— 

a?)S^i:T. *y h++U7SJkS:aHWi-SLDD«efi 

[0 0 0 4] £<7)LDD«jg£^UcMOS h7>i?7 

fc&> «§»y-MWS«:V;**£LT* ~>'J3>»£K 

imm<D^mm^^>mxu y-h«sr©y-;* 

[0 0 0 5] Misy- h-WSaHWnSK:, I** 

£«T-5o stove, £©*SfcfUR€\ g&Ky-.x«tt 
-f^-^ffiTJv'jn^kitu y- h«ffisr>*-y--r 

Mt&Srf * >&A U y- h«fiTF<D y -XgP&Rtf k 

[0 0 0 6] ^B5C £>Un>^bM*^Lfe 

^» SbCBPSG (Boron Phospharus Silicate Glas 
s ) R£»*£U 9 0 0-C. ^^"^TCin^U 7D 5* 



WM 5 F7-7 4 1 6 7 

2 

— LT. ^SfcUfc^ £®{CSOG (Spin on Glass 

[0 0 0 7] &JgBS§aigl£A°^-x>yu $m 
\Z. PSGI (Phosho Silicate Glass ; U >&1£/ufd 
•>*)=t>mtM) £CVD8cK:<fcDJgj*U&&> ->'J3 
^I^S&5»KfiW§J^iyr, MOSi!f« 

p k ymi&cDittmiz, mm^mmmm^m^n 

\Z <k 0 . £ e>nT, 4s y r- * U 

[0 0 0 8] 

osm*mti&mz* v-hmm&\zffiE?z>7km<D 

imtozm \zjfmt*?>>fv >y#> h (**§£■ 
m &5&.\zmmrz>z£.i)rzg-r, v^y-j^om 

fife's/to 

[0009] —jj. 5 s -hffimwz&&rz>7}<im<Dm 

is>)*&7km\z&r)&&\zm%isrzmzh. ?-vmt 
m*\zm*\<nim*wm\sX\stLo. ^-lt, 

[0 0 10] fbT« #tC, -g^KCDftJJlicy^XV 

n>mum i \z&mzi&Ei'T^z>7mfr> y-r-iwn 
mtptzimzn. doawjo)***^ h^>> 5 7.^©f^ 

7&$t&1&l : tt ; £>£^om&&. flEEE ED vol.28 p 

83—94 (1918) ; 7-i ■ -f f — • -f— -f— • 

— - 2 ^83~94I (198 1^) J (d*3t/i 
T» Fair and SunCcfc-DTfft>tlT(/iSo 
[0 0 11] ^BJ«, C10D<t5>a^6*ora»aS*Pft 

-r^^i^^jgi-r-5t)©T-$)f9, y- hWMVBtwzw 
&?z>*3m&wa&tm\z-?%z.£'z, ¥«#;s^iy 

- vrnwrn^^mzm^^y^) 



3 

[0 0 12] 

9 5#®f%*#l) M^2 0#«%OT era* 

SfflVi, 3 5 0t:£U:, 4 5 OtOTOSg^ 1 0# 
£Lh. 1 3 0#^T©&M£fr5££€^£r5^ 

#^e©SBt^£t^*-r5 fe©T?$>So 

[0 0 13] 

»&#X£fflt/\ 3 5 0t:£U:, 4 5 0'COT©aSE 
1 0#£U:. 1 3 OftSkTVMm&frttto* ¥ 

[0 0 14] W&>ifV >y#> H^Ti^ 

*jktm\z&mi*nz>„ ext. mmmmm^m^m 
mw&xx<D*m&&st>^ 5im%sk±. 204m 
^^^^®(c?^fcr§^>yu>^>F** 

nyptrpyx (Gm) *tfiTHl$^ 0 Z.<DTz®* 
[0015] — tf^H»#xa>#*^r&fiat2 0 

imx&MTL&t, %m£&ffi.ms\z?pfc?z>y>tri) 
y^y^^mizM-^.zm^rdmz. yprnft 
omits.) *mvf- hmtm&\z&&\^ z<D*m 
ok h7>zsx?<Dm}*\zm£.-?z>m^*)u¥--&w 

[0 0 16] #|^tfXffl*^tft6!> 5^1%^ 



(3) W7-74167 

4 

5#$g%£Lh 9 5im%* 

R»W8fflHia»*. 3 5 0X:£Lk, 4 5 0*C£TFJI WIH^ 

fflaffla»<3 5 ot:*ssT*st. *mtegm&m\zft 
10 mmh^m^^n^im^%^^^Mzwm^ 

ZLtiFH&f. b^y-JT.tHDYm^Z, Z\<D%misT 
iMamEEd^-^X/^O, M3>y^^>7 (Gm) 

[0017] MEM^yssa^u 5 otc 

^4bTWUTU5(0^ &K£4 5 O'CJcDflK 

tscitttift*^. iwasas^ 3 5o<cri:. 4 
i» 5 o-cam^t, *mfow$&m\zffiE?z>-y>>f 

[0 0 18] «t?T, ffllSft&yi®ffi&£:. 3 5 OTO 

ms&mm&* 1 o»«jt, 1 3 o^tj sw^a 
ycftfypZTkmiz&o^izmtirf&zt 
^#>zn)>>/m>nzWrHfih?yzfzti. 

«S3>^^>X (Gm) £M£ 
[0 0 19] MGMMSaP^RI^l 3 0»SiBA5 

mz&v^\zm&vtzmz, tfwz (3mm ym& 
?-hmm&\zmEv. zwrnm^ b?>z?7>9<D 
40 mhwzm^&^*)^-&&^>tt* , )7£&j& 

mSfiT$ttlS5. HM«ysl^lWAtR-r€? 
[0 0 2 0] NMQJS3ffl#s. 1 O^RJb, 1 3 OftLXF 

•e*5t. ^ft««*ffi t#fer -5 ^> y U > ^ > 
JCjS^toKste&tfipfifrscitdiR^StiS. S^T, M 

gasMEflKoNFia*. 1 o^-Rjta^ 1 3 o^t©«sb 
j» [0021] 



(4) 

5 

[m&m &iz. *mm\m&-$mM\z.-D^T. mm 

mm\z&&*mmm<Dm^no>^*mrM5mm 
0t*§„ 0 i f-^-rxg-m, psh>U3>2HRi* 
welt. 5ooAw&<Dzsv=i>ffim&mi&v. z. 

[0022] mz, ms.^)^>m\M^yj->^v 

T. nlMOS h7>^^*J^JSdtr*fc«e>. 1. 2X 
lO u cm 2 gl0t<-Xl0#n> (B) £&ALT 

KdKWBa«tf^>. B£fimbTp^x;P2$eijc£j2;tf 

So 

[0 0 2 3] ^t/i-e, Mt5->U3>^tM^X-y^>^ 

3 >S« l ©#f£ffi«i£tc. 3HRWK:^^^;^ h yn 

-5, ii? 
[0 0 2 4] SMS^S^tSB^LhlC^^tlfc 
v'J^^M^^tUT, ffflEpI^>Un>»£ 

i idwawbsfr^, *sffi»WKj»s 6000 Ammv 

-rxg-ea, 0 1 p u n i 

<n3-**)vmmz.. v^mmm<D7 y\k£v> (b 

F* ) Sr. 3. 3X10 n cm" ! gS©|<-XlT-f* 
[0 0 2 5] JfeK:, y-hBtftK5J:K. y- 

^TX^TfJ. 0 2 l^tliWc^fty U 3 >1& 

6&mwicx->^>yLT, y- hm®7^fitr 

[0 0 2 6] ifct^T, y— h«^7^VXi'iLT, p 
tfx;p2 ©Affile, 2. OX 1 0 13 cm" 2 @SCDK— X 

mi i*m$ctz>» 04{^s-rnjB"ett. 03 
t^-rx@T#fcy- h«n 7 y- h 

[0 0 2 7] CVDfetCJ:0. ^Mi;y'j3>l 



W7-741 6 7 

6 

[0 0 2 8] Mz, 06 il^-rXSTtt. 0 5 iZ^tJl 

9^-r-5<h*{r, y-h«M7S:t>*-y--r k^^- 

SrVX^tUT, p^x;P2CD^:W^> 3X1 0 16 cm 
- 2 @S©t<-X*©tm (As) £-fpf->£A-r-5o 

[0 0 2 9] £eD<k5fcLT, p^x;P2(C. n f SStS: 
I12Ri;i4$MU n" lentVl ORtfn* 6£ffc 
112^^7-7 1 3, n" ffitill^n' ft 
til4^^FK>l 5*J&£Ufc. JfcC 07 

[0 0 3 0] ^T, ^U3>ftMtBtl 6_htC, BPS 
Gil 7«»jEUfc«, 9 0 OtTl 5#W<D#MBS& 
f?V^ BPSGll 7CD^Jfi^b€rfT-5o BPSG 
Ml 7, 3^U3>«fBBtl 6&^>U3>«fbK9«:a 

8SMP-TSo JfeVsT, 08i^TXST«, 07 \Zjfi 

•nMTmr^xj\(D^M\z. x/^y^mz^o, 3> 

^ h?L 1 8 |*JK, 7;i/3x^7A (Al) 

trfcfcfc> tm^-^a (Ai) ^&a>s£:£&WHaft 
m^srrso 

[0031] ^fd, MB&msaxmzrt?—=.>irG:ft 

SGi2 O^figfSo #Ct>T. PSGH20«$ 
tlfe'yX/Ntc, SB^XtLT, *^<h^^bife 

#«%*#) , **5 2 0ft«%OT CTfeb 

Sfflti. 3 5 0t:eU:. 4 5 OTCfiTROiBflre. io» 
Rii, 1 3 0^OT©iW!lS*fT^o 

[0032] doxSfdio, ^n^i, sx 

0, p^X)l/2<fcy-|>m^5i:0|f.®lr#ffiLT^i 
3T. S^LfcffiS3>y^^>X (Gm) atften. * 

m 5 tf{^s^fejc**t#eETs c t «ri»jfr s ^ tan? 

imWz5g3L-?Z>nz-*)l^-$:&r>tiJr* V 7£Kfc 

[0 0 3 3] Z\(D®mM*WTL,Td&.. PSG 

12 0±C, ->U3>M2 1&fsW-S 0 ^(C. d 



(5) 



#H8¥7-74 i 6 7 



8 



U PSGK2 0 Wis U 3 >m\M 2 1 e>&-5Bfi£ 
LT. LDDflKfi*^rrSnS!MOS h9>>>^^*« 

[0034] ^*5, *mmm-&z. LDD«3g*^rr^> 

iltli»1?*5. nIMOS h7>yx^Ci 

fce>-r. pimos h7>isx?\z-D^Thifcm»imT' 

[0 0 3 5] £e>Kl, l^^«±CnSMO 
S h7>^^i:pSMOS Y^y-JT,*? ^mttM 

[0 0 3 6] -¥"l/"C, ^HIMT'li. 06 iZm^JM 
Pm. ffi<OnSPRW»«r'f^->ftXUTt>«fct\, 

-fi/TSt. Hst^-rxg-u, PSG 

IBS 2 0S^>Un>^tM2 ld^J&S— ffiftffi&ffi*. 

-$\ Ay i^-v- 3>I2 2 WU ft±SfC->U n >Mfc 
JK2 ld^gfigStiTwnff. 3f£LL©«3g<hbTt>,±: 



[0037] ^utifc, ^msswa. — msm?* 

10 h*= 0 . 5 /im, y- bif@= 1 5 //mC7)^#:gS* 

[0 0 3 8] #fC. C©#«E^JW>nfc*»ft^«© 

«WSW6ff o TSBg Lfc^n^tlW^S^^BtC. D C 
X hl^X £— 3©5WBJin Uit^ V d = 0 . 1VT. ffi 
53>^^>7 (Gm) £8!l5£bT, -€-<D«ycfi** 

Jtf [0 0 3 9] #DCXhl/X{C4?^^)«ETfCD 

[0 0 4 0] 
«1] 



& ® Bg flU 


5 # 


1 0 ft 


13 0 ft 


15 0 ft 


2 


X 


X 


X 


X 




X 


1 6. 3 If- 


1 3. 5 


8. 7 <f- 


2 0 


X 


t 3. 1 if- 


1 2. 1 *P 


7. 4 ^ 


2 5 ttfgS* 


7. 3 ff- 


5. 4 if 


3 6 *T- 


2. 2 ^ 



[0041] si^e., mmmm&3 5 ot-e^ 

XOTT*S»ffi&#.X£tefflU 1 0:ftJ&Lh, 130 ^ 

$m<Dmi\z-H}-\zmz-t>ti2>z£i>qm&.2ftfc 0 z.z. 
t\ mz<Dmmzm7LZ>\zi$, 1 o^xt^y b** 

[0 0 4 2] Cfttt, ply'j3>i«mi}:?|{fr 

s„ -77. »H&#x 5# 5* 



m%&ffiT*$>z>£. mt&mm** 1 o^-j&ul, 1 3 0 

[0 0 4 3] uttit. pS!>'Un>g6Sl*ffilw?Sfifr 

= 1 5 iimcD^mwmm^mm^Tz.. 



(6) 



[ 0 0 4 4 ] MZ. d (Dimmt)1tft>tlfz.*mfo$im<D [0045] 



W7-741 6 7 



10 



k £ i v m 


5 » 


1 0 # 


13 0 5> 


15 0 # 




X 


X 


X 


X 




X 




!Z5 


4. 3 


2 0 


X 




11-3 if 


2. 8 ^ 


2 5 #M»M 


6. 4 *f- 


4. 3 ff- 


2. 5 f£ 


1. 5 *E 



[0 046]«2^6, *WBffliBa»S4 5 cc-p*^ 
T> (tittX) *». 5#3S%£Ui, 2 0#t 

Xfin^***H»#X**»8U 1 OftLXt. 1 3 0 

mm iBaaM^^3 5 o c&i 

ttt^ Wtty h*+VTZHkWEFt&*> 

[oo4 7] ^nfe, pffls/U3>*Si*iBc»eLrr 

— #ffi»^X«7K^^r* (««X) *», 5#^% 
*«T*S<!:, ftMBySttfflft*. 1 0#£UJ.O 130^ 

(»jiiiai= 300-0 



[0 0 4 8] Cinfe. p"^x;W2<ty— h«ft«t5t© 

<Dm%vx^m^>?v > h h77^ 

i&llZTn-f&frtVXn^rZe y-hS=0. 5m 

[0049] ^{c, z\(Dmmfi*ftt>nfc¥mfcmM<D 

3 £5^". 
[0 0 5 0] 
[*3] 



mi ft a « n 


5 » 


1 0 » 


13 0 % 


15 0 ft 


2 wm% 


X 


X 


X 


X 


5 f*«i^ 


X 


X 


X 


X 


2 0 


X 


X 


X 


X 


2 5 


X 


X 


X 


X 



[005 US3M, 3 0 ox;\zxmm&ft-Dfz.¥ 

i&m&mw&J'Xhiz&^t, p ^x;u 2 ty- 
M5 <!:0^afi3#eLrr*^>^''j >y#> ^^tK^i^j; 

IC. £0<*JfBLTt>&l/^>£f U >y#> h 



40 U&<&5#>£-C*5o 

[0 0 5 2] fltl5*SS^J<h^CDX@-I?, 08 K 

avrzcgt-T, m$mmm%5o ov.ti<xft<,\ z\<d 
mm\ztetf&mm<DBm^xx<D7i<.mmm am%) 
Rzmmmzm^ m\zm-^t\,xn^>k. a y- 

h*=0. 5/tm, y-h4§=l 5/im(D#i&f*:g«£: 

[0 0 5 3] 
»4] 



(7) 



11 



12 



4WP7-7 4 1 6 7 



Aft h)\ T1U fttr RH 
yi± J-lil "«r f r| l 


0 /J 


1 V /J 


13 0 5> 


1 5 0 5> 


2 f^ffi^ 


X 


X 


X 


X 




X 


X 


X 


X 


2 0 


X 


X 


X 


X 


2 5 <*®m 


X 


X 


X 





[0 0 54] S4d^. 5 0 o^zTtmM&nirc* 

5 0<C£Lh, 4 5 0*CgTF<DW£T\ 1 0#£Lk, 13 
[0 0 5 5] 

#?si£5#m£Lh> 2oim%srF(Dmw-^tsm£ 

tfX*m^\ 3 5 0<C£U:. 4 5 OtOT®l«l!, 1 

o^jyji, 1 3 oft&y(Dfmm*ftotztb. 30 
«wc#&r^,y>^u>^>H<7)^T^, tang 

Kn>y??>xftmt>nz>£#\z. ^mufrv^m 

[0056] $ mrnyy^fuy^y^^xm 
iffivrcm. mmt ux-> y a >s^^j^firr -§> - £ 

**>m\zmttz>z-t.wziz%<, z\<D&$k. m.nrzM 

[0M©ffi^UiBg] 

[0 1 ] ^H^0)-|aS^J^^/5^^ft:SBC0SBgX 

m 2 ] *mmv>— M&mzfrfr&imfcmm&m&j: 



[03] ^BJ©-*SS0!lfC^-5^*:SK<D®liaX 
@<D^£^T3i$#»rffi0T*3„ 

[04] *ftwv-mmm\zfrfr&?mfcmm<Dm&r 

[05] ^BJcD-^SS^J^^^-5*S#:geo»ljtX 

[06] *mwo)~mmnzfrfrz>¥mfcmm<Dwmi. 

[07] ^BJC9-^te#tJ^^-5^#:gB©»B£r 

[08] ^Bjo-^SS^Jfc^S^^gMWKjfiX 
g©^£^T3(tf>{frffi0T-<fe3 o 

[#^©ift^] 

1 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 

1 9 

2 0 
2 1 
2 2 



5>ya>g 

n" ftSMS 

n mm 

n* SSEfcjl 

BPSG1 
PSGi 



(8) 



miW-7-7 4 1 6 7 



[01] 



[02] 




4-7* -* KEMkB 





[03] 

[04] 

P 





[07] 



3 v*>? m 

18 



(9) 



#W¥7-7 4 1 6 7 




